Purpose: Autonomic seizures in temporal lobe epilepsies associated with "cold shivers and goose bumps" as a principal ictal sign or aura have only rarely been studied.
Initial seizure signs are important indications for lateralization or localization in focal epilepsies. A group among the various aura symptoms is called visceral or autonomic auras. Auras with visceral or autonomic signs were reported by Gowers (1) in 18% of patients with focal and secondary generalized epilepsies. Later phenomena were precipitated by electrostimulation (2, 3) from different parts of the temporal lobe. Further research was done by Mulder et al. (4) , Gastaut (5) , and Liporace and Sperling (6) concerning visceral epilepsy. In addition to epigastric or abdominal signs, cardiovascular, respiratory, pupillary, genital, vasomotor, urinary, hypersecretive, and pilomotor signs were reported. The previous investigations mentioned leave one question unanswered: Do singular visceral types of auras give information regarding the localization or lateralization of the epileptic activity by which they are caused?
Cold shivers and/or pilomotor excitation (goose bumps, goose flesh, cutis anserina, horripilation) are less frequently reported ictal signs that can be associated with other autonomic signs (7-13). Brody et al. (8) and Green et al. (11) described cases with tumors in the right hemisphere and pilomotor seizures. Other publications reported single cases of a pilomotor seizure in focal epilepsies due to a lesion in the left hemisphere (13) . With regard to presurgical evaluation for epilepsy surgery, the question arises whether the latter autonomic ictal signs may be related to a predominant lateralized hemispheric seizure generator in the limbic system.
METHODS
Of 420 patients with pharmacoresistant temporal lobe epilepsies, 16 patients with cold shivers/sweats or goose bumps were retrospectively identified. Of the 420 patients with pharmacoresistant epilepsies evaluated for epilepsy surgery, 214 were operated on. One hundred five and 109 patients were operated in the left and right temporal lobes, respectively. The patients were inspected by means of EEG, long-term video-EEG recording (30-to 64-channel scalp, sphenoidal, or invasive subdural electrodes), magnetic resonance imaging (MRI) and single-photon emission computed tomography (SPECT). Sixteen patients with autonomic (cold shivers, pilomotor signs) symptoms were examined for the lateralization of this focal abnormality. Neuropsychological testing was performed in all patients, including a sodium amytal test in seven patients. The clinical data are summarized in Table 1 . The results of the preoperative investigations were correlated to the type of autonomic aura (cold shivers, cold sweats, or goose bumps). The probability of a lateralization of the focal epileptic activity to the left temporal lobe in the 214 operated-on patients was 49.1%; the 95% confidence interval was 45-53%. The binomial test was used to compare with the observed frequency of focus sides in patients with cold shivers. The upper confidence level of control patients was used as the specific probability parameter.
RESULTS
Temporal lobe epilepsy was diagnosed in all patients. The clinical findings providing the lateralization in patients with cold shivers are summarized in Tables 1 and  2 . Surgery was performed in eight patients. Pathological Table 2 . Wada testing showed a language predominance in the left hemisphere in all but one patient. The etiology was heterogeneous: three cases, arteriovenous (AV) malformation; three cases, Ammon's horn sclerosis; one case, tumor (cyst); one case, trauma; one case, perinatal lesion; and six cases, cryptogenic. From the patient group with pharmacoresistant temporal lobe epilepsies (n ‫ס‬ 420), the prevalence of temporal lobe seizures associated with "cold shivers and/or goose bumps" can be estimated as 3.6%; for cold shivers, 2.6%. For goose bumps alone, the prevalence would be 1.2%.
Cold shivers as a predominant feature of autonomic auras was found in 11 patients. Autonomic auras with goose bumps were found in five patients. Both symptoms were found simultaneously in one patient. In 13 (81%) of 16 patients with cold shivers and/or goose bumps, the ictal onset was lateralized to the left hemisphere. The probability of a lateralization to the left hemisphere was significantly increased compared with controls (p ‫ס‬ 0.0019). In the case of cold shivers, seizure onset was lateralized to the left hemisphere in 10 (83%) of 12 patients, and in the case of goose bumps, in four (80%) of five patients (see Figs. 1 and 2 ). Goose bumps were observed in the following parts of the body: face, upper body (n ‫ס‬ 2), and both arms (n ‫ס‬ 3).
DISCUSSION
Because previous investigations showed no association between aura types and EEG interictal epileptiform discharges, this suggests that auras may have no localizing values in these seizures (14) . Palmini and Gloor (15) discovered a strong association between viscerosensory auras, particularly epigastric sensations, and temporal lobe epilepsies. Epigastric sensations in viscerosensory auras were reported to be associated with right temporal lobe seizures (16, 17) . Déjà vu illusions tended to originate in the right temporal lobe, and diffuse warm sensations or cephalic auras, in the frontal lobe (15) . Few reports that deal with viscerosensory auras or   FIG. 1.  FIG. 2 .
TABLE 2. Patients with cold shivers and goose-bumps
No.
Surgery Lateralization
Lateralization proved by
MRI no, no MR performed; MRI x, pathologic finding; MRI -, no pathologic finding; MR, magnetic resonance imaging; SPECT, single-photon emission computed tomography.
simple partial seizure with autonomic signs such as pilomotor excitation (goose bumps) or cold shivers (6) .
The results of this clinical analysis of patients with autonomic auras show that cold shivers or goose bumps are linked with a seizure onset in the left hemisphere. When evaluating the statistical analysis, one should keep in mind that the patient population is not very large. The patients with cold shivers and goose bumps were selected from a patient group with pharmacoresistant temporal lobe epilepsies. Of the 420 patients with temporal lobe epilepsies evaluated for epilepsy surgery, 214 underwent surgery. Of these 214 patients, 105 patients had a left temporal lobectomy, and 109 patients, right temporal lobectomy. From these data, there is no marked hemispheric predominance for temporal lobe epilepsies in our patient group.
In the patient group with pharmacoresistant temporal lobe epilepsies, the prevalence of autonomic seizures such as cold shivers and/or goose bumps would be 3.6%. For goose bumps alone, the prevalence would be 1.2 %.
The result of our statistical test may indicate a left dominance for generation of ictal signs such as cold shivers or goose bumps in pharmacoresistant temporal lobe epilepsies. Left lateralization is a new observation somewhat varying from previously reported cases, especially of pilomotor seizures, because of the very limited number of published cases (five cases showed a right temporal and three a left temporal onset). A multicenter analysis for the definite predominance of lateralization in autonomic seizures particularly associated with goose bumps is suggested, because pilomotor seizures are thought to be very rare.
In congruence with the observation of Ahern et al. (18), we found that anatomy (relation to temporal lobe) rather than etiology was critical for the generation of autonomic auras with cold shivers/sweats and pilomotor signs. The predominant localization of seizure generators in the temporal lobes could be explained by the fact that piloerection can be elicited by stimulation of the amygdala in animals (2) . New methods used in presurgical evaluation [e.g., long-term video-EEG monitoring (both noninvasive and invasive), neuroimaging, and neuropsychology] enlarge diagnostic possibilities. In contrast to previous studies, our investigation of a larger patient group with cold shivers/sweats and pilomotor seizures permitted a lateralization with left predominance within the limbic system. This does not include the fact that in some patients, right-sided focal epileptic activity may cause this ictal phenomenon. However, other auras in temporal lobe epilepsy may be lateralized to the right temporal lobe (15, 16) . Our results show that autonomic auras with cold shivers are most probably associated with left temporal discharges.
As Yu et al. (13) reported, goose bumps may start unilaterally (even ipsilaterally). In our patient group with temporal lobe epilepsies, goose bumps in other areas occurred in the body uni-or bilaterally with or without spreading.
In addition to the involvement of the amygdala, the hypothalamus, cingulum, and the insular region also must be considered for the development of visceral symptoms (7, 10, 19, 20) . With its role as a multifaceted sensory area within the context of the limbic integrating cortex (21) , it must be considered in visceral manifestations of epileptic seizures.
Although the connections underlying these visceral sensations have not been clarified, stimulation of sites within the insular cortex in epilepsy patients have shown that bradycardia or depressor charges are more common with left insula stimulation (22) . These observed differences may be linked to physiologic, neurochemical [neurotransmitters like ␥-aminobutyric acid (GABA), dopamine, choline-acetyltransferase] and higher grey-to white-matter ratio found in the left brain (23, 24) . Our findings indicate that a systematic analysis of autonomic auras leads to an even more differential interpretation of subgroups of autonomic auras. The precise differentiation of these subgroups may provide important clinical hints for the lateralization or even localization in presurgical evaluation.
